INTRODUCTION
A few decades ago a mysterious event made a small town called Nordenau in Germany to be world-famous. When local people used the water from a spring in a superseded mine, their illnesses, such as diabetes, tumors, gastritis and enteritis, took a turn for the better; they called this miracle the "Nordenau Phenomenon". A Japanese doctor, Dr. George Tseng, went to that town and studied the water. He found that the water was abundant in hydrogen. This was not only true for Nordenau water in Germany, but also Hita Tenryosui water in Japan and Tlacote water in Mexico which had the same effectiveness. In fact, early in 1975, Dole found that inhalation of hyperbaric hydrogen caused a marked regression of skin tumors (1) . The effective component was the hydrogen molecule in this "magical water" and in the inhalation of hydrogen. Hydrogen is a colorless, odorless, non-metallic, tasteless and highly flammable diatomic gas and it is also the lightest and most abundant chemical element which provides the source of energy for the sun by nuclear fusion to produce helium. Ohsawa et al. (2) discovered that hydrogen gas has the ability to protect the brain against ischemia-reperfusion (I/R) injury, through selectively eliminating the toxic oxygen radicals. So far, a lot of experiments have been carried out to confirm the properties of hydrogen including selective antioxidant properties, exerting anti-apoptotic, anti-inflammatory, anti-allergy, anti-cancer effects and so on. Reactive oxidant species (ROS) are produced in a many physiological and pathological processes and they are involved in caducity and the pathology of many diseases, including cancer, cardiovascular, inflammatory and degenerative diseases. Hydrogen selectively reduces hydroxyl radicals and peroxynitrite, especially hydroxyl radicals which are the strongest of the oxidant species, react indiscriminately with nucleic acids, lipids and proteins and there is no known endogenous detoxification system for them in the human body. So hydrogen selective reduction has very important value.
Another possible mechanism underlying the cellular protection afforded by hydrogen may be an increase in antioxidant enzymes such as catalase, superoxide dismutase or heme oxygenase-1 (3, 4) . In addition, the anti-apoptotic properties of hydrogen via inhibition of caspase-3 activation have also been postulated (5) . Hydrogen exhibits anti-inflammatory activity in various injury models. Typically, oxidative stress-induced inflammatory tissue injury is inhibited by hydrogen with down-regulation of pro-inflammatory cytokines, such as interleukin (IL)-1β, IL-6, chemokine (CCmotif) ligand 2 and tumor necrosis factor-α (6, 7) . More recent studies show that hydrogen can act as a gaseous signaling molecule like nitric oxide, which can explain some unresolved questions, expanding the depth and extent of the investigation of hydrogen (8) .
Delivery of hydrogen

Inhalation
Hydrogen can be easily delivered via inhalation with delivering the gas through a ventilator circuit, facemask or nasal cannula. There is no risk of explosion for hydrogen in air and in pure oxygen when the concentration is less than 4.7% (9) . However, safety is still a common concern and the desired concentration of hydrogen must be monitored and maintained with proven, commercially available tools. The safety of hydrogen for humans is demonstrated by its application in Hydreliox, an exotic, breathing gas mixture of 49% hydrogen, 50% helium and 1% oxygen (10) .
Oral intake of hydrogen-rich water
Solubilized hydrogen may be beneficial since it is a simple, convenient and safe means of delivering molecular hydrogen (11) . Drinking hydrogen-rich water (HW) has the same effects (12) . There are some methods to produce the HW, including dissolving electrolyzed hydrogen into pure water and dissolving hydrogen into water under high pressure. Recently a new delivery method has been invented by using the coral calcium hydride which can produce hydrogen conspicuously and it can also show its antioxidant ability (13) .
Injectable hydrogen-rich fluid
Even though oral administration is safe and convenient, it cannot guarantee the concentration of hydrogen in water over time because of its volatilization and loss in the stomach or intestine. Administration of hydrogen via injection may make the delivery more accurate (14) .We can also use the intraperitoneal injection way, which is proved to be available.
Recent research of hydrogen via various disease models
Here we list the different studies based on kinds of disease models and collect all the measurement indicators to identify the properties of hydrogen. 
Hydrogen acts as a kind of antioxidant
The main property of hydrogen as a kind of antioxidant is the most basic theory in this field. At the same time, it also affects inflammation. Hydrogen can suppress the tissue-destructive production involving pro-inflammatory cytokines, TNF-a and IFN from the activated lymphocytes. Moreover, the oxidation products ROS can activate TNF-a expression by up-regulation of the NF-kB signaling pathway (15) while TNF-a can activate NADPH-oxygenase (NOX) expression that generates ROS from NADPH (16) . Thus, both inflammation and oxidation processes are reciprocally related.
Oxidative stress is characteristic of many processes including ischemia-reperfusion (I/R) injury, inflammatory disorders, cancer, cardiovascular and neurological diseases and aging (17) . Oxidative stress is generally associated with the production of highly reactive free radicals like the reactive oxygen species (ROS). For example, excessive ROS can result in DNA fragment, lipid peroxidation and inactivation of proteins which can initiate apoptosis or necrosis. The most acceptable mechanism of hydrogen having such magical effects is that the hydrogen can electively and directly scavenge cytotoxic oxygen radicals, especially the hydroxyl radical-the most cytotoxic of reactive oxygen species (ROS) and at the same time not react with other ROS, including O 2 -and H 2 O 2 since they both possess important physiological roles as signaling molecules that are involved in numerous signal transduction cascades and also regulate biological processes such as apoptosis, cell proliferation and differentiation (18) . At the molecular level, apoptosis caused by excessive ROS is activated by the aspartate-specific cysteine protease (caspase) cascade, including caspase-12 and -3 (19). Cai et al. (20) found that hydrogen treatment significantly suppressed caspase-3 and -12 activities in a neonatal hypoxia-ischemia rat model, which could be conjectured that hydrogen has the property to inhibit apoptosis via scavenging the ROS.
Nevertheless, recent research done by Yasunori Sato showed that hydrogen can permeate into mitochondria and directly reduce the production of superoxide (21). As we know, mitochondrial respiration is a major source of ROS, superoxide anion can be generated through a way of electron leak of respiration chain and the reactive oxidant species (ROS) can be formed in the further reaction in the mitochondria. They are also produced by ionizing and UV radiation and from the metabolism of a wide spectrum of drugs and xenobiotics. Beyond that, free radicals arise through the autoxidation catalyzed by transition metal ions (22 
Hydrogen and the cancers
The relation between oxidative stress and oncogenesis is very close-knit. Firstly, carcinoma cells are frequently exposed to persistent oxidative stress (30) . Shinya reported that human tumors have a content of 8-OH-dG that is ten times as much as the adjacent non-tumorous tissue (31) which is mutation-prone (G:C to T:A transversion) (32, 33) . Excess reactive oxygen species (ROS) has the property of carcinogenesis by causing strand breaks, alterations in guanine and thymine bases, and sister chromatid exchanges (34) . Sub-lethal oxidative stress can also activate the mitogen-activated protein kinases (MAPKs) pathways to promote cell proliferation (extracellular signal related protein kinase; c-Jun amino-terminal kinase/stress-activated protein kinase; and p38 (35) .
On the other hand, human tumor produces ROS at the faster speed than normal cell lines (36) ; firstly because the NADPH-oxidase is regulated by the GTPase Rac1, which is itself downstream of the proto-oncogene Ras (37) . In addition it has something to do with thymidine phosphorylase. It catabolizes thymidine to 2-deoxy-D-ribose-1-phosphate which can generate ROS within the carcinoma cell quickly (38) . Thirdly, because tumor rapidly outgrows the blood supply, it will stimulate blood vessel formation (angiogenesis) in a short time. Blood flow within these new vessels is often chaotic, causing periods of hypoxia followed by reperfusion, which can cause the generation of ROS (39) . So when Dole et al. (2) did the research of hairless albino mice with squamous cell carcinoma exposed to a mixture of 2.5 percent oxygen and 97.5 percent hydrogen at a total pressure of 8 atmospheres for periods up to 2 weeks, marked regression of the tumors was found. Firstly, they showed that hyperbaric hydrogen therapy might have the ability to affect the cancers. The mechanism they proposed was that the hydrogen might firstly act to scavenge the ROS; for example, the hydroxyl was described as the most damaging of free radicals. Another mechanism was that the hyperbaric exposure to a reducing atmosphere interferes with the respiration and metabolism of the cancer cells, functions which are different from those of normal cells. The previously overwhelmed immune system could then better cope with the squamous cell carcinomas. It is reported that the hydrogen-dissolved water can decrease the ROS, protect DNA, RNA and protein from oxidative damages and it can also suppress tumor-preferential clonal-growth-inhibition, tumor invasion and tumor angiogenesis.
Saitoh (44) found that anti-cancer activity of Pt-nc-supplemented HD-water was
shown by its preferential cell-growth inhibition to human tongue carcinoma cells HSC-4 over normal human tongue cells DOK and might be partly attributed to HD-water-caused enhancement of Pt-nc-relevant antioxidant ability. Some data shows that the decrease in ROS generation changed biochemical signaling pathways via redox-sensitive molecules like AP-1 and NF-κB, interrupting the cascade pathway, which may promote cell transformation (45) .
Endogenous hydrogen acts an important role in the human protective system
It is well known that some intestinal bacteria, such as Escherichia coli, can produce a remarkable amount of molecular hydrogen (H 2 ) through the fermentation of the non-digestible carbohydrates in the large intestine (46, 47) . It was also demonstrated that H 2 concentrations in live mouse stomach or livers (about 20-80uM) are over 20 times greater than the apparent whole-cell Km for hydrogen (48, 49) . When Mikihito Kajiya (50) measured the molecular hydrogen (H 2 ) produced in organs of mice by using a needle-type hydrogen sensor, they found that the amount of H 2 detected in the caecum was highest, followed, in descending order, by the small intestine, large intestine, liver, spleen and blood. A trace level of H 2 was detected in the brain. Maier However, the gases produced with fermentations are not utilized by the host but are primarily either lost in faeces or flatus or assimilated by methane producing bacteria (56, 57) . Some data also showed that almost 14% (58) anti-cancer effects, etc., so the treatment spectrum is broader than other areas of medicine.
Prospects of hydrogen research
Although much work has been done in the last few years, hydrogen medicine is still a hotspot since there are still so many unresolved problems. Firstly, hydrogen therapy still remains to be proven effective against many diseases. Moreover, at the molecular level, it is unclear how H 2 achieves site of action and selectivity combines the first target while there are thousands of possible target molecules. Of course, the exact first target molecule is the key to the mysterious hydrogen kingdom. The pathways and processes regulated in vivo by hydrogen need to be detected. On the basis of previous work, we also need to do a lot of research to formulate a standard which can provide the optimum dose, timing and delivery methods. In addition, in spite of few negative effects reported, the disadvantages and toxicity of hydrogen gas should be researched further before clinical application.
